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The present invention relates to a hexenyl-
containing silicone resin and method for the prep-
aration of same.

Japanese Patent Publication Number 60-27691
(United States Patent No. 4,041,010) teaches sili-
cone resin which is liquid at room temperature and
which contains vinyl and ftrifluoropropyl groups and
the SiOy4» unit. However, this publication describes
neither hexenyl-containing silicone resin nor a
method for the preparation thereof.

The present invention takes as an object the
introduction of hexenyl-containing silicone resin
which is constituted of the CH> = CHC4+Hs Me2SiOq
unit and the SiO4» unit, wherein Me hereinafter
denotes a methyl radical. A further object of the
present invention is the introduction of a method
for the preparation of the aforesaid silicone resin.
The present invention thus relates to a hexenyl-
containing silicone resin with the following average
unit formula

(CHz2 = CHC4 Hgs Me2Si012)n(SiOup)m (@)

wherein n and m are each numbers larger than
zero, and the ratio n/m is 0.2 to 3. The present
invention also relates to a method for the prepara-
tion of the above resin.

To explain the preceding in greater detail, n in
above formula (a) for the hexenyl-containing sili-
cone resin according to the present invention re-
presents the number of moles of
CH, = CHC4HgMe»Si0O,,, units while m represents
the number of moles of SiOy, units. Both n and m
are to have values greater than zero, and the ratio
n/m should fall within the range of 0.2 to 3. With
regard to the properties of this hexenyl-containing
silicone resin, it is in general a liquid at room
temperature at values of n/m in excess of 1.2; it
converts from liquid to solid in the range of n/m
1.2; and it is generally insoluble in organic solvents
at n/m < 0.2 due to the predominance of the
inorganic SiO4», component. Accordingly, preferred
n/m ratios fall within the range of 0.2 to 3.0. The
hexenyl-containing silicone resin according to the
present invention is soluble in, for example, ar-
omatic solvents such as benzene and toluene and
alkanes such as hexane and heptane.

The hexenyl-containing silicone resin according
fo the present invention can be synthesized by the
following method: cohydrolysis, in the presence of
organic solvent and acidic aqueous solution, of (b)
an organosilicon compound with the general for-
mula

CHz = CHC4HsMe>SiX  (b)

and (c) a silicon compound with the general for-
mula
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SiXs  (c)

wherein X is a halogen atom such as chlorine or
bromine or an alkoxy group such as methoxy,
ethoxy, propoxy, or butoxy, and subsequently sub-
jecting the hexenyl-containing silicone resin solu-
tion afforded thereby to a water wash, neutraliza-
tion, and water elimination, followed by thermal
dehydration in the presence of an alkali metal
catalyst, and finally a water wash and neutraliza-
tion.

The cohydrolysis of organosilicon compound
(b) and silicon compound (c) can be carried out, for
example, by making up an organic solvent solution
of their mixture and (i) dripping this solution into an
acidic aqueous solution while stirring or (ii) dripping
the acidic aqueous solution into the organic solvent
solution while stirring.

The organic solvent should be capable of dis-
solving the compound with general formula (b), the
compound with general formula (c), and the
hexenyl-containing silicone resin product. Exam-
ples of such organic solvents are aromatic solvents
such as benzene, toluene, and xylene; alkanes
such as hexane and heptane; ethers such as
tetrahydrofuran; and ketones such as methyl
isobutyl ketone. Among these, hexane, heptane,
toluene, and xylene, with their poor water solubilit-
ies, are preferred.

The concentrations of compounds (b) and (¢) in
the organic solvent should be selected in accor-
dance with the desired workability; however, as a
general matter, these concentrations should be ad-
justed so as to give values of 10 to 80 weight% for
the concentration of the hexenyl-containing silicone
resin product in the organic solvent. The acidic
aqueous solution may be the aqueous solution of
an acid such as sulfuric acid, nitric acid, or hy-
drochloric acid, and aqueous hydrochloric acid so-
lutions are preferred. When hydrochloric acid is
used, the hydrogen chloride concentration must be
at least 5 weight%. The temperature during and
after addition is optimally 0 to 100° C.

In order to work up the hexenyl-containing sili-
cone resin solution afforded by the cohydrolysis of
organosilicon compound with general formula (b)
and silicon compound with general formula (c),
organic solvent or water is added as necessary
followed by quiescence and separation of the
aqueous layer. The organic solvent layer (contains
the hexenyl-containing silicone resin) is then
washed with water to neutrality. A water elimination
is preferably also carried out. When the organic
solvent has only an insignificant water solubility,
this water elimination can be run at the organic
solvent's azeotrope using a water separator.

This hexenyl-containing silicone resin will con-
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tain a moderate quantity of residual silanol groups,
and these can be condensed with each other in a
dehydration reaction run by adding alkali metal
catalyst to the organic solvent solution of the
hexenyl-containing silicone resin and heating. This
makes possible at the same time an adjustment in
the properties of the hexenyl-containing silicone
resin (e.g., softening point and so forth) by an
adjustment in its molecular weight distribution
through re-equilibration. The alkali metal catalyst is
exemplified by alkali metal silanolates and alkali
metal hydroxides such as potassium hydroxide,
sodium hydroxide, and cerium hydroxide. This pro-
cess of residual silanol group condensation is pre-
ferred from the standpoint of the stability of the
properties of the hexenyl-containing silicone resin.
The hexenyl-containing silicone resin according fo
the present invention is then recovered by neu-
tralizing the alkali metal catalyst, washing with wa-
ter, another water elimination, and finally stripping
off the organic solvent.

In another method, the residual silanol groups
in the hexenyl-containing silicone resin may be
capped using its organic solvent solution and (d) an
organosilicon compound with the general formula

(R'3Si),Q  (d)

wherein R' is a substituted or unsubstituted mon-
ovalent hydrocarbon group having 1 to 8 carbons
and a = 1 or 2. When a = 1, Q represents
hydrogen, halogen, hydroxyl, alkoxy, -NR"z,
-ONR"z , or -OCOR"; when a = 2, Q represents
-O- or -NR"-; in which R" = hydrogen or alkyl in
each case.

The organosilicon compound with general for-
mula (d) is a compound which readily reacts with
the silanol group. The group R' in the preceding
formula is a monovalent hydrocarbon group having
1 to 8 carbons or a substituted monovalent hy-
drocarbon group having 1-8 carbon atoms. R' may
be exemplified by alkyl radicals, such as methyl,
ethyl, propyl and butyl; alkenyl radicals, such as
vinyl and allyl; aryl radicals, such as phenyl; and
halogenated hydrocarbon radicals, such as 3,3,3-
trifluoropropyl. The individual molecule may contain
only a single species or multiple species of R'.

The value of a in formula (d) is 1 or 2. When a
= 1, Q represents hydrogen, halogen, hydroxyl,
alkoxy, -NR"2, -ONR"2, or -OCOR". The halogen
and alkoxy in this case are exemplified by those
provided as exemplary for organosilicon compound
with general formula (b). When a = 2, Q repre-
sents -O- or -NR"-. The group R" represents hy-
drogen or alkyl, wherein said alkyl is exemplified
by methyl, ethyl, propyl, butyl, and pentyl. While
this organosilicon compound should be used in a
quantity which will depend on the residual quantity
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of silanol groups, the use of 10 fo 70 weight paris
per 100 weight parts hexenyl-containing silicone
resin with average unit formula (a) will be sufficient,
and any excess is eliminated. Said organosilicon
compound with general formula (d) is added to a
solution of the hexenyl-containing silicone resin
with heating as necessary. Then, in order to re-
cover the hexenyl-containing silicone resin accord-
ing to the present invention, the solution of
hexenyl-containing silicone resin is subsequently
washed with water to neutrality, subjected to a
water elimination as above, and finally stripped of
organic solvent.

In the case of the application of said or-
ganosilicon compound with general formula (d), the
R'sSiOq2 unit, a siloxane unit not represented in
general unit formula (a), will be present in small
quantities, but this nevertheless falls within the
scope of the present invention. In addition, the
hexenyl-containing silicone resin with average unit
formula (a) may contain small quantities of other
siloxane units as long as the object of the present
invention is not impaired.

The hexenyl-containing silicone resin according
to the present invention finds utility in a variety of
applications because it is a silicone resin which
contains the highly functional hexenyl group and is
soluble in organic solvents. Within the particular
realm of addition-reaction-curing (hydrosilylation)
silicone compositions, it is useful as a more highly
curable filler since the hexenyl group is more ac-
tive than the commonly used vinylsiloxane unit.
Moreover, since the surface of this resin is covered
with long methylene chains, it is useful as a resin
with a higher surface energy than the conventional
methylsilicone resins and vinylsilicone resins.

lllustrative examples of the present invention
are given below, in which Me denotes a methyl
radical. Unless otherwise indicated, all parts and
percents are on a weight basis.

Example 1

The following were introduced into a flask and
heated to 50°C with stirring: 7.95 g (0.045 mol)
chlorosilane CH> = CHC4HgMe,SiCl, 20.83 g (0.1
mol) tetraethoxysilane, 6.3 g toluene, and 4.2 g
tetrahydrofuran. A mixture of 5.0 g water and 3.4 g
36% hydrochloric acid was dripped into this reac-
tion system over 30 minutes. Stirring was contin-
ued for an additional 4 hours at 77°C - 80°C after
the completion of addition. Then, after cooling and
quiescence, the polymer (lower) layer was col-
lected. The aqueous layer was extracted with 30
mL toluene, and the polymer and toluene layers
were then combined and washed once with 50 mL
water. This was followed by repeated washing with
water after adjusting to pH 7 with 3 weight% aque-
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ous sodium bicarbonate. After transfer to a flask
equipped with a water separator, a water elimina-
tion step was carried out by heating at the reflux
temperature. Cooling and solvent removal then af-
forded 11.7 g of a transparent, light yellow oil.

A vinyl group content of 9.0 weight% was
determined by dissolving this oil in carbon tetra-
chloride, addition-reaction with an acetic acid solu-
tion of iodine chloride, addition of potassium iodide,
and fitration by sodium thiosulfate. The analytical
results for this oil are reported below.

238i NMR, delta (ppm):

13(0.32 Si, br, CHz2 = CHC4Hg Me2SiO2)
-100(0.17 Si, br, ROSIOa/g)

-110(051 SI, br, Si04/2)

(R = CH3CH: or H)

3C NMR, delta (ppm):

139(1.05 C, s, =CH-)

115(1.00 C, s, CH =)

34(1.05 C, s, Si(CH2)3CHz-)

33(0.95 C, s, Si(CH2)2CHz-)

28(0.55 C, s, -OCH.CHs)

23(0.90 C, s, SiCH2CH.-)

18(1.50 C, s, SiCH.- and/or -OCH,CHg)
0(2.05 C, s, SiCHs) B

GPC (gel permeation chromatography):

M, (weight-average molecular weight) = 5.9 x 10°
M, (humber-average molecular weight) = 5.1 x 10°
This hexenyl-containing silicone resin was thus
confirmed to be a compound with a chemical struc-
ture represented by the following formula

(CH2 = CHC4 Hg Me2Si01,2)9.47(Si0412)1 0

which carried residual hydroxyl and ethoxy groups
at its terminals.

Example 2

Hexenyl-containing silicone resin (12.0 g) was
prepared by the same method as in Example 1,
but in the present case using 7 g toluene in place
of the 6.3 g foluene and 4.2 g tetrahydrofuran
employed in Example 1. This silicone resin was a
colorless gum. The analytical results for this sili-
cone resin are reported below.

238i NMR, delta (ppm):

13(0.30 Si, br, CH = CHC4 Hs Me SiO )
-100(0.20 Si, br, ROSiOg)
-110(0.50 Si, br, SiO4p)
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(R = CH3CH; or H)

3C NMR, delta (ppm):

139(0.95 C, s, =CH-)

115(1.00 C, s, CH =)

34(1.00 C, s, Si(CH2)sCH2-)

33(0.95 C, s, Si(CH2)2CHz-)

28(0.70 C, s, -OCH,CHs)

23(1.10 C, s, SiCH>CH;-)

18(1.65 C, s, SiCH.- and/or -OCH,CHg)
0(1.95 C, s, SiCHs) B

GPC (gel permeation chromatography):

M, (weight-average molecular weight) = 1.0 x 10*
M, (humber-average molecular weight) = 4.6 x 10°
vinyl group weight%: 9.0%

This hexenyl-containing silicone resin was thus
confirmed to be a compound with a chemical struc-
ture represented by the following formula

(CH2 = CHC4 Hg Me2Si01,2)9.43(Si0412)1 0

which carried residual hydroxyl and ethoxy groups
at its terminals.

Example 3

Toluene (25.0 g) and 10% aqueous KOH (0.1
g) were added to 10.0 g of the hexenyl-containing
silicone resin prepared in Example 2, and this was
heated under reflux for 6 hours. After cooling, the
chlorosilane Me3SiCl (0.02 g) was added, and neu-
tralization was carried out by stirring for 30 minutes
at room temperature.

After washing with water, a water elimination
was conducted using a water separator by heating
under reflux, and the toluene was then removed.
The reaction product was a gum weighing 8.8 g.
The analytical resulis for this silicone resin are
reported below.

238i NMR, delta (ppm):

13(0.30 Si, br, CHz2 = CHC4Hg Me>2SiO42)
-100(0.14 Si, br, ROSiO32)

-110(0.56 Si, br, SiO4p)

(R = CH3CH: or H)

3C NMR, delta (ppm):

139(1.00 C, s, =CH-)
115(1.00 C, s, CH =)
34(0.90 C, s, Si(CHz)sCHz-)
33(0.95 C, s, Si(CH2)2CHz-)
28(0.45 C, s, -OCH,CHs)
23(1.10 C, s, SiCH>CH;-)
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18(1.40 C, s, SiCHz- and/or -OCH,CHgs)
0(2.20 C, s, SiCHs) N

GPC (gel permeation chromatography):

M, (weight-average molecular weight) = 1.2 x 10*
M, (humber-average molecular weight) = 4.7 x 10°
vinyl group weight%: 9.2%

This hexenyl-containing silicone resin was thus
confirmed to be a compound with a chemical struc-
ture represented by the following average unit for-
mula

(CH2 = CHC4 Hg Me2Si01,2)9.43(Si0412)1 0

which carried residual hydroxyl and ethoxy groups
at its terminals.

Example 4

Toluene (6 g) was added to hexenyl-containing
silicone resin from Example 2, followed by the
addition of 4.2 g (0.026 mol) (Me3Si)2NH and heat-
ing under reflux for 6 hours. This was followed by
cooling, a single wash with 50 g water, neutraliza-
tion with aqueous hydrochloric acid, and then re-
peated washing with water. A water elimination was
subsequently run using a water separator by heat-
ing at reflux, and the solvent was then distilled off
to afford 12.3 g of a gum.

The analytical results for this silicone resin are
reported below.

23 Si NMR, delta (ppm):

13(0.35 Si, br, R'Me2SiO4)2)
-100(0.16 Si, br, ROSiOgz,)
-110(049 SI, br, Si04/2)

(R = CH3CHz or H

R' = CH, =CH(CH:): or Me)

3C NMR, delta (ppm):

139(0.90 C, s, =CH-)

115(1.00 C, s, CH =)

34(1.05 C, s, Si(CH2)sCH2-)

33(1.00 C, s, Si(CH2)2CHz-)

28(0.40 C, s -OCH,CHs)

23(0.95 C, s, SiCH2CH.-)

18(1.45 C, s, SiCHz- and/or -OCHz CHj)
0(2.70 C, s, SiCHs) N

GPC (gel permeation chromatography):

M, (weight-average molecular weight) = 1.0 x 10*
M, (humber-average molecular weight) = 4.5 x 10°
vinyl group weight%: 8.4%

This hexenyl-containing silicone resin was thus
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confirmed to be a compound with a chemical struc-
ture represented by the following average unit for-
mula

(CHz = CHC4 Hg Me2Si012)0.41(Me3 Si01/2)0.13(SiO4s2)-
1.0

which carried residual hydroxyl and ethoxy groups
at its terminals.

Example 5

A solid white silicone resin was prepared by
the same method as in Example 2, but in the
present case using 7.07 g (0.04 mol) of the
chlorosilane CH> = CHC4HgMe,SiCl, 20.83 g (0.1
mol) tetraethoxysilane, and 8 g toluene. Toluene (6
g) was then added to the silicone resin product
followed by the addition of 4.2 g (0.026 mol)
(MesSi)NH and heating under reflux for 6 hours.
After cooling, a single water wash with 50 g water,
and neutralization with aqueous hydrochloric acid,
repeated washing with water was then carried out.
A water elimination was subsequently run using a
water separator by heating under reflux, and the
foluene was finally distilled off to afford 9.3 g of a
white solid. This white solid was soluble in ben-
zene, toluene, hexane, heptane, methyl isobutyl
ketone, diisobutyl ketone, and tetrahydrofuran.

The analytical results for this silicone resin are
reported below.

238i NMR, delta (ppm):

13(0.30 Si, br, R'Me2SiO4)2)
-100(0.13 Si, br, ROSiOg3,)

-1 10(057 SI, bl’, Si04/2)

(R = CH3CHz or H

R' = CH, =CH(CH:): or Me)

3C NMR, delta (ppm):

139(0.95 C, s, =CH-)
115(1.00 C, s, CH =)

34(1.10 C, s, Si(CH2)sCH2-)

33(1.00 C, s, Si(CH2)2CHz-)

28(0.25 C, s, -OCH,CHs)

23(0.95 C, s, SiCH2CH.-)

18(1.30 C s, SiCHz- and/or -OCH,CHj)
0(2.55 C, s, SiCHs) B

GPC (gel permeation chromatography):

M, (weight-average molecular weight) = 1.5 x 10*
M, (humber-average molecular weight) = 4.8 x 10°
vinyl group weight%: 8.2%

This white solid was thus confirmed to be a com-
pound with a chemical structure represented by the
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following average unit formula

(CHz = CHC4 Hg Me2 Si012)0.36(Me3 Si01/2)0.06(SiO4r2)-
1.0

which carried residual hydroxyl and ethoxy groups
at its terminals.

Example 6

A white solid (9.3 g) was prepared by the
method of Example 5, but in the present case
using 6.88 g (0.04 mol) CH, =CH CsHgMe,SiOMe
in place of the chlorosilane CH, = CHC4HgMe, SiCl
and using 17.0 g (0.1 mol) SiCls in place of the
tetraethoxysilane.

The analytical results for this silicone resin are
reported below.

238i NMR, delta (ppm):

13(0.31 Si, br, R'Me2SiO12)
-100(0.13 Si, br, ROSiO4)
-110(0.50 Si, br, SiOu»)
(R=H

R' = CH, =CH(CH:): or Me)

3C NMR, delta (ppm):

139(0.95 C, s, =CH-)
115(1.00 C, s, CH. =)
34(1.05 C, s, Si(CH2)sCH2-)
33(1.05 C, s, Si(CH2)2CHz-)
23(1.00 C, s, SiCH>CHa-)
18(0.95, s, SiCHs)
0(2.65 C, s, SiCHs)

GPC (gel permeation chromatography):

M, (weight-average molecular weight) = 1.4 x 10*

M, (humber-average inolecular weight) = 4.5 x 10°
vinyl group weight%: 8.0%

This white solid was thus confirmed to be a com-
pound with a chemical structure represented by the
following average unit formula

(CHz = CHC4 Hg Me2 SiO12)0.35(Me3 SiO1/2)0.00(Si04s2)-
1.0

which carried residual hydroxy! groups at its termi-
nals.

Claims

1. A hexenyl-containing silicone resin with the
average unit formula
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(CH2 = CHC4 Hg Me2 Si01/2)0(SiO412)m

wherein Me denotes a methyl radical, n and m
are each numbers larger than zero, and the
ratio n/m is 0.2 to 3.

A hexenyl-containing silicone resin which is
prepared by a process comprising:
cohydrolyzing, in the presence of organic sol-
vent and aqueous acid solution, an or-
ganosilicon compound (b) having the general
formula

CH2 = CHC+Hg Me, SiX

with a silicon compound (c) having the general
formula

SiXa

wherein Me denotes a methyl radical and X is
selected from the group consisting of halogen
and alkoxy.

A hexenyl-containing silicone resin which is
prepared by a process comprising:

(I) cohydrolyzing, in the presence of organic
solvent and aqueous acid solution, an or-
ganosilicon compound (b) having the following
general formula

CH2 = CHC+Hg Me, SiX

with a silicon compound (c) having the general
formula

SiXa

wherein Me denotes a methyl radical and X is
selected from the group consisting of halogen
and alkoxy; and (ll) thermally dehydrating the
resin formed in step (l) in the presence of an
alkali metal catalyst.

A hexenyl-containing silicone resin which is
prepared by a process comprising:

(I) cohydrolyzing, in the presence of organic
solvent and aqueous acid solution, a first or-
ganosilicon compound (b) having the general
formula

CH2 = CHC+Hg Me, SiX

with a silicon compound (c) having the follow-
ing general formula

SiXa
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wherein Me denotes a methyl radical and X is
selected from the group consisting of halogen
and alkoxy; and (ll) capping the resin formed in
step () by reacting it with a second or-
ganosilicon compound (d) having the general
formula

(R'3Si),Q

wherein R’ is a substituted or unsubstituted
monovalent hydrocarbon group having 1 to 8
carbon atoms and a is 1 or 2, such that when a
= 1, Q is a monovalent group selected from
the group consisting of hydrogen, halogen,
hydroxyl, alkoxy, -NR",

-ONR"2, and -OCOR" and when a = 2, Qis a
divalent group selected from the group consist-
ing of -O- and -NR"-, R" in the above formulas
being selected from the group consisting of
hydrogen and an alkyl radical.
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